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Abstract: Background: Esophageal cancer (EC) is the fourth most commonly diagnosed cancer in males and the
fifth in females in China. Dysregulation methylation of histone is now considered a biomarker for cancer progno-
sis. Methods: In this study, we focused on exploring the expression patterns of two repressor histone methylation
marks, H3K9 dimethylation (H3K9me2) and H3K27 trimethylation (H3K27me3), to provide potential biomarkers
for diagnosis and therapies in esophageal squamous cell carcinoma (ESCC). Results: After analyzing the relation-
ship between the expression pattern of H3K27me3 and the clinic-pathological features of ESCC tissues, we found
that upregulated H3K27me3 correlated with advanced T stage and N stage. A multivariate Cox regression analysis
showed H3K27me3 expression, T stage and N stage were all independent factors for the poor prognosis of ESCC.
Therefore, H3K27me3 can be considered an independent factor for predicting the prognosis of ESCC. Conclusions:
Chromatin remodeling, especially the methylation of H3, plays a vital role in ESCC development and is a potential
therapeutic target.
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Introduction

Esophageal cancer (EC) is one of the most seri-
ous health problems worldwide and ranks
eighth in human malignancy. Geographical fac-
tors, local culture, and ethnicity play impor-
tant roles in the incidence rate of EC in diffe-
rent regions [1]. In China, with approximately
477,900 new patients and 375,000 related
deaths occurring in 2015, EC is the fourth most
commonly diagnosed cancer in males and the
fifth in females [2]. Approximately 70% of global
EC cases occur in China, with esophageal squa-
mous cell carcinoma (ESCC) being the histo-
pathological form in the vast majority of cases

(>90%) [3]. Despite surgery with fast therapeu-
tic effects and adjuvant treatments, the prog-
nosis of ESCC patients still remains poor [4].
Thus, new biomarkers are needed to improve
the clinical management of ESCC.

Itis understood that epigenetic changes, includ-
ing DNA methylation and covalent histone mod-
ification, are involved in the tumorigenesis and
progression of human cancers [5]. Histones
undergo posttranslational modifications (e.g.
acetylation, methylation, phosphorylation) at
their N-terminal tails [6]. Histone lysine methyl-
ation is a central factor in such processes as
X chromosome inactivation, transcription, DNA
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repair and chromosome condensation through
breaking chromatin contacts or affecting the
recruitment of non-histone proteins to the chro-
matin. Emerging evidence indicates that the
epigenetic alterations play a more fundamental
function in the carcinogenesis and develop-
ment of ESCC [7]. The degree of methylation
and the site of the methylation on histone influ-
ence transcriptional activity [8]. The methyla-
tion at H3K9 and H3K27 is associated with
transcriptional repression. According to previ-
ous studies, H3K27me3 is typically associated
with inactive gene promoters and serves as a
suppressor marker [9], and H3K9me2 was
reported to be associated with the inflammato-
ry response [10-14]. The statuses of H3K9me2
and H3K27me3 and their clinical implications
in ESCC patients are not fully known. The spe-
cific histone methylation alterations that occur
in ESCC patients remain to be elucidated. To
date, the roles of H3K27me3 and H3K9me2
expression in clinical implications for ESCC are
rarely studied. In the present study, we aimed
to investigate the clinical and prognostic impli-
cations of H3K27me3 and H3K9me2 in ESCC
patients. Furthermore, we evaluated whether
these two histone marks are associated with
the clinicopathological features and survival of
patients.

Material and methods
Patient information and tissue samples

We used 135 primary ESCC specimens and the
corresponding non-tumor esophageal mucosa
obtained from patients who underwent surgical
treatment for ESCC in the Department of
Thoracic surgery of Fujian Provincial Cancer
Hospital between 2004 and 2006. None of the
patients underwent preoperative adjuvant che-
motherapy or radiotherapy. The diagnoses of all
the tumors were confirmed by a critical re-
examination of the clinical and histopathologi-
cal findings. Tumor grade and stage were
defined according to the 7th edition of the TNM
classification of the Union for International
Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC). The patients’ clin-
ical characteristics, such as gender, age, tumor
location, tumor size, pathological type, patho-
logical grading, and tumor infiltration were
obtained from their medical records. All of the
patients were followed up for 60 months (aver-
age, 32 months). The tumor specimens and
corresponding normal esophageal mucosa we-
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re collected from paraffin blocks of the 135
primary ESCCs from the Department of Pa-
thology of Fujian Provincial Cancer Hospital.

Construction of tissue microarrays (TMA)

After review and confirmation by the histopa-
thologist, TMA were constructed according to a
method described previously [15]. In brief,
duplicates of 0.6 mm diameter cylinders were
punched from representative tumor areas of
individual donor tissue blocks and re-embed-
ded into the paraffin-embedded receiver blocks
at a defined position, using a tissue arraying
instrument (Beecher Instruments, Silver Spring,
MD, USA). We embedded three different cores
of each primary ESCC tissue and the corre-
sponding normal esophageal mucosa as deter-
mined by routine microscopy on hematoxylin
and eosin-stained sections to overcome tumor
heterogeneity.

Immunohistochemistry (IHC) staining

IHC staining was used to assess the protein
expression on the TMA slides. In brief, TMA
sections were deparaffinized and rehydrated.
Endogenous peroxidase activity was blocked
with 3% methanol/H,0O, for 15 min. For antigen
retrieval, tissue slides were boiled in a 10 mM
citrate buffer (pH 6.0) and warmed up to 100°C
in a pressure cooker for 5 min. Bull serum albu-
min (3%) was used to avoid unspecific (hydro-
phobic) bindings. The primary antibodies, anti-
H3K27me3 (1:500; Abcam, Millipore, Teme-
cula, USA) or anti-H3K9me2 (1:200; Abcam,
Cambridge, MA, USA), were incubated over-
night at 4°C in a moist chamber. Subsequently,
the slides were sequentially incubated with
secondary antibodies labeled with HRP at a
concentration of 1:100 for 30 min at 37°C,
then the staining was developed using fresh
prepared 3’-3'diaminobenzidine as a chromo-
genic reagent (DAB, G1211, Wuhan Servicebio,
China). The nucleus was counterstained using
Meyer's hematoxylin. A negative control was
obtained using phosphate buffer saline (PBS)
instead of the primary antibody. Two experi-
enced pathologists who were blinded to the
patients’ clinical information evaluated the
samples independently and recorded the IHC
results. The staining intensity in the tumor cells
was graded as 0~3, and the percentage of
H3K27me3/H3K9me2 positive cells was grad-
ed according to the proportion of positive cells
using a 0~4 grading scale (0: 0%-5%; 1:
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Figure 1. Representative examples of ESCC and matched non-cancerous esophageal mucosa with immunostain-
ing for histone markers including histones H3K9me2 and H3K27me3. Scale bar = 100 uym. (A: H3K27me3, B:

H3K9me2).

6%-25%; 2: 26%-50%; 3: 51%-75%; 4: 76%-
100%). The final scoring of the H3K27me3/
H3K9me2 expression level (positive or nega-
tive) was calculated as the sum of both grades
(negative: total grade = 0~3; positive: total
grade = 4~7).

Statistical analysis

All statistical analyses were carried out using
the SPSS v. 23.0 statistical software packages
(Armonk, NY, USA). The correlation between the
histone methylation marks expression and the
clinic-pathological features of ESCC patients
was analyzed using an x? test or Fisher’s exact
test. For the univariate survival analysis, sur-
vival curves were obtained using the Kaplan-
Meier method. A Cox proportional hazards
model was generated in the multi-factorial sur-
vival analysis to identify prognostic factors. An
independent Student’s t test was performed to
analyze the statistical significance between the
two preselected groups. Survival times are
shown in years, but for more exact results they
were calculated in months. To show a statisti-
cal difference, P<0.05.

Results

The expression pattern of H3K27me2 exam-
ined by IHC in ESCC TMA

A positive nucleus expression of H3K27me3
and H3K9me2 in the tumor cells and in the
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non-tumor esophageal mucosa cells was
observed (Figure 1). We found that the can-
cer cells showed strong immunostaining for
H3K27me3 compared to the non-tumor epithe-
lial cells; furthermore, a significant difference
of H3K27me3 expression was observed be-
tween the ESCC tissues and the corresponding
normal esophageal mucosa group. When exam-
ining the correlation between the expression
patterns of the histone methylation markers
H3K27me3 and clinicopathological factors, we
found there was a close correlation between
the upregulation of H3K27me3 and T stage, N
stage, respectively (P = 0.034/0.021, Table 1,
Figure 2).

The expression of H3K9me2 examined by IHC
in ESCC tissue TMA

In the present study, the expression of H3-
K9me2 was examined by IHC in 135 cases of
primary ESCC tissues and corresponding nor-
mal esophageal mucosa. No statistically sig-
nificant difference was found in H3K9me2
expression between the tumor group and cor-
responding normal esophageal mucosa group
(P>0.05). While we investigated the relation-
ship between H3K9me2 expression patterns
and the corresponding clinic-pathological fea-
tures of ESCC, no significant correlation was
found between H3K9me2 expression levels
and age, gender, tumor location, tumor differ-
entiation, or AJCC stage (all P>0.05, Table 2)
in the detected TMA. Additionally, there was no
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Table 1. The correlation of the H3K27me3 expression pattern with
the clinicopathologic features in ESCC (n = 113)

the patients with only one pro-
tein expression or with nega-

H3K27me3 expression

tive expressions of both (Fi-
gure 3C). There was a signifi-

cant difference between the
H3K9me2+ H3K27me3+ ex-
pression group and the oth-
er groups (P<0.05); therefore,
the combination of the expr-
ession pattern of H3K27me3
and H3K9me2 could provide
more accurate information to
evaluate the prognosis com-
pared to the individual expr-
essions of H3K27me3 and
H3K9me2.

Multivariate Cox regression
analysis

A further multivariate analy-
sis of the clinicopathologic-
al parameters, including age,
gender, location, differentia-
tion, T stage, N stage, TNM st-
age and the H3k27me3/H3-
K9Ome2 expression were per-

Groups - Pearson x? P-value
Low High
Age <60 a7 25 0.941 0.332
>60 25 16
Gender Male 52 32 0.465 0.495
Female 20 9
Location Up 18 7 1.005 0.316
Middle 50 32
Low 4 2
Differentiation High 16 10 0.163 0.992
Middle 50 27
Low 6 4
T stage T1 4 4 3.641 0.034"
T2 14 4
T3 50 28
T4 4 5
N stage NO 19 13 6.094 0.021"
N1 23 7
N2 25 13
N3 5 8
TNM stage I 4 3 1.242 0.537
Il 24 10
I 44 28

formed. As shown in Table 3, T

P<0.05 indicated a significant association. “represents P<0.05.

significant difference between H3K9me2 ex-
pression in normal esophageal mucosa and
the clinic-pathological features of ESCC (data
not shown).

Survival analysis

To evaluate the prognostic significance of the
expression of H3K9me2 and H3K27me3, a
Kaplan-Meier analysis of overall survival (0S)
was performed on selected ESCC patients.
Our data showed that the median survival time
of the 135 patients with ESCC was 32 months.
The survival time in patients with H3K27me3-
positive ESCC tissues (P = 0.0463, Figure
3A) but H3K9me2-positive ESCC tissues (P =
0.853, Figure 3B) was evidently correlated with
prognosis. We further evaluated the overall sur-
vival of ESCC patients based on the different
combination of the protein expression pattern
of H3K9me2 and H3K27me3. The average
overall survival of patients with high level ex-
pressions of both H3K9me2 and H3K27me3
was 36.136 months, which was shorter than
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stage (HR, 0.318; 95% CI,

0.153-0.662; P = 0.045), N

stage (HR, 0.203; 95% CI,
0.055-0.754; P = 0.017) and H3K27me3
high expression (HR, 2.664; 95% CI, 1.327-
5.3474; P = 0.006) were important indicators
to evaluate the prognosis of patients with ES-
CC. No significant correlation was found be-
tween the H3K9me2 expression and these fac-
tors. These data suggested that upregulated
H3K27me3 expression, advanced T stage and
N stage were all independent factors for the
poor prognosis of ESCC. Thus, H3K27me3 co-
uld serve as an efficient biomarker in the pre-
diction of ESCC patients’ survival.

Discussion

It has been shown that epigenetic modulations
of the genome involve histone modifications
that alter the chromatin configuration. A de-
condensed (“open”) configuration allows tran-
scription factors access to binding sites, but a
condensed (“closed”) configuration blocks tran-
scription binding sites. In this way histone mod-
ifications can regulate gene transcription [16,
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Figure 2. The correlation of H3K27me3 expression levels in ESCC tissues with T-stage and N-stage of ESCC. (A: T-

stage, B: N-stage).

Table 2. The correlation between the H3K9me2 expression
pattern and the clinicopathologic features in ESCC (n = 92)

siveness and poor prognosis in a
variety of human malignancies

H3K9me2 expression

[20-22]. Liu and his colleges re-

Groups Low hi Pearson x> P-value ported the expression of EZH2 and
En H3K27me3 could serve as bio-
Age ;28 2111 ;Z 0926 0.327 markers in thg prediction of ESCC
patients’ survival and ESCC metas-
Gender Male 10 10 0313 tasis [23]. Similarly, H3K9me2 is
Female 45 27 directly correlated to the onset and
Location Up 11 4 0.494 advancement of multiple cancers
Middle 29 21 [24]. However, the correlation bet-
Low 15 12 ween the expression of H3K9me2
Differentiation High 15 6 4.486 0.106 and the malignancy of ESCC is ra-
Middle 39 26 rely reported. Both H3K9me2 and
Low 1 4 H3K27me3 have been recently
T stage T 3 2 0961 0811 reported to be epigenetically al-
T 13 6 tered in human cancers. The con-
3 35 o5 cept of mole'cu!ar §tagmg, which
T4 4 4 may help to distinguish tumor sub-
types by molecularly heterogene-
N stage NO 14 10 0.786 ous and different prognoses, has
N1 15 13 been proposed and investigated in

N2 19 1 several human cancers.

N3 7 3

TNM stage I 6 1 0.347 Investigating the clinical and prog-
I 15 11 nostic implications of H3K27me3
M 34 25 and H3K9me2 in ESCC patients

P<0.05 indicated a significant association.

17]. Evidence shows that histone lysine meth-
ylation has been considered an important fac-
tor in the process of the tumor development
[18, 19]. Studies have reported the relationship
between the expression of H3K27me3 and the
level of the enhancer of zeste homology 2
(EZH2), which could regulate the histone meth-
yltransferase activity for H3K27me, and which
has been positively associated with aggres-
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may provide a potential biomarker
and target for the treatment of
ESCC. To the best of our knowl-
edge, no studies have investigated the combi-
nation of H3K9 and H3K27 methylation and
their potential impact on ESCC tumorigenesis.
Within this study, we recruited 135 cases of
ESCC patients to provide both ESCC specimens
and corresponding normal esophageal muco-
sa for immune-histochemical analysis of H3-
K9me2 and H3K27me3. We demonstrated
that the overexpression of H3K27me3 in the
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Table 3. Analysis of independent correlation factors of ESCC
prognosis with Cox multivariate regression analysis (n = 113)

Factor HR 95% Cl P-value
Age (<60 VS >60) 0.802 0.418-1.539 0.507
Gender (male VS female) 0.572 0.234-1.345 0.2

Location (up VS middle and low) 1.684 0.814-3.482 0.16

Differentiation (I VS Il and IlI) 0.656 0.342-1.260 0.714
T stage (T4, T2 and T3 VS T4) 0.318 0.153-0.662 0.045"
N stage (NO, N1 and N2 VS N3) 0.203 0.055-0.754 0.017"

H3K27me3 expression (high VS low) 2.664 1.327-5.347 0.006""

P<0.05 indicated a significant association (marked with *), “represents
P<0.05, “‘represents P<0.01.

ESCC specimens was associated with some
clinic-pathological features of ESCC. However,
no significant correlation was found between
H3K9me2 expression in ESCC tissues and age,
gender, tumor location, tumor differentiation, or
AJCC stage. Strikingly, we found that a high
H3K27me3 expression was observed in the
tumor tissues and correlated with the clinical
outcomes for ESCC patients. Nevertheless, H3-
K9me2-positive ESCC tissues were not signifi-
cantly correlated with prognosis. When we ana-
lyzed the combination of H3K9me2 and H3-
K27me3, a high level of H3K9me2 and a high
level of H3K27me3 in tumors predicted a sh-
ort survival time. These results indicated that
H3K27me3 may serve as a biomarker for dis-

criminating subgroups of patients
with more aggressive tumors and
thus a poorer prognosis in ESCC.

Recently, histone methyltransfer-
ases have been investigated in
many studies. G9a (EHMT2) is a
histone methyltransferase that
dimethylates lysine 9 at histone 3
to reduce transcription activity.
H3K27me3, the enhancer of zeste
homolog 2, can specially trimethyl-
ate lysine 27 on histone H3 of the
target gene promoters. EZH2 has

been considered a relevant therapeutic target
for cancers, and studies show that the inhibi-
tion of EZH2 by the small molecular inhibitors
or gene knockdown results in a decrease of
cancer cell growth and tumor formation [25].
Recently, cancer-related long non-coding RNAs
(IncRNAs) have been identified and studied in
the field of translational research. Hox tran-
script antisense intergenic RNA (HOTAIR) is
located within the homeobox C (HOXC) gene
cluster on chromosome 12 [26, 27]. The repres-
sive histone mark H3K27me3, which occurs
through EZH2 enzymatic action and the SUZ12
structural protein, as parts of the PRC2 by the
histone demethylation process of the histone
mark H3K4me2/3 through LSD1 enzyme [28],
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where IncRNA HOTAIR acts as a modular scaf-
fold, seeks a higher ordered IncRNAs epigene-
tic protein complex, and modifies histone pro-
files in human normal cells and also in human
malignant cells. These processes are involved
in tumorigenesis and in the tumor progression
of human cancers [28]. The potential mecha-
nism is that cancer-related genes are silenced
by these histone methyltransferases. He et al.
studied the prognostic impact of H3K27me3
expression on locoregional progression after
chemo-radiotherapy in ESCC [29]. Because it is
a target of histone methyltransferases, it is
important for us to study the expression of his-
tone methylation. This is also the first study
that aimed to evaluate the possibility of using
H3K9me2 and H3K27me3 as clinical indica-
tors of disease progression as well as a prog-
nostic marker for ESCC patients.

Epigenetic aberrations, such as histone modifi-
cation, have the ability to regulate the expres-
sion of oncogenes or the repression of tumor
suppressor genes. Therefore, these modified
histone proteins are potential candidates in the
investigation of cancer pathogenesis and pro-
gression. It is known that there are subgroups
of patients characterized with molecularly het-
erogeneous and different clinical prognosis in
ESCC. Therefore, it is crucial to determine dis-
tinctive molecular biomarkers in order to dis-
criminate among subgroups of patients and to
direct individual therapeutic interventions. Our
study provides the evidence that H3K9me2
and H3K27me3 cooperate in ESCC and that
the upregulation of these two markers predicts
poor prognosis. These results may enlighten
the understanding of the epigenetic mecha-
nisms involved in tumors and also merits the
investigation of global histone modification in
ESCC.
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